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Abstract 
This contribution presents a method for the simultaneous determination of sound velocity and thickness of a system 
consisting of two layers. To obtain additional information, beside the time of flight (TOF), the amplitude is 
evaluated. The amplitude of a reflected sound wave depends on the position of the interface in the sound field of the 
probe and is maximal, if the focus lies on the interface. The focus position is varied by the use of an annular array 
and the amplitude as a function of the adjusted focus position is evaluated. Since the sound field of the ring elements 
of the annular array has distinctly side lobes, transverse waves are excited in the specimen and the sound velocity of 
the transversal wave can also be determined. 
 
The method is demonstrated for the determination of layer thicknesses and sound velocities (longitudinal and 
transversal) on a two layered system. 
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1. Introduction 
Since the material parameters YOUNG's and shear modulus are related with the sound velocities of longitudinal cL 
and transverse wave cT, ultrasound enables their nondestructive evaluation. With known sound travel paths the 
sound velocities can be determined by simple TOF measurements. For that purpose, the TOF is measured, the sound 
propagetes from the transducer to one or more reflectors and back to the transducer.  
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If the sound velocities of each layer in a multi-layered structure are known, the thickness of each layer can be 
determined. Amongst others, the thickness determination is used for wall thickness measurement [1] or for fluid 
level measurements [2]. 
If for each layer none of these quantities is known, their simultaneous determination is only possible with high 
measurement effort, e. g. with tomographic methods [3]. 
An other invasive measurement setup for the simultaneous determination is discussed in [4]. Here, two 
transducers or one transducer and one reflector are positioned with known distance between each other. The sound 
velocity of the medium of the measurement path is known. The unknown specimen is positioned in the measurement 
path. From the TOF of different reflected and transmitted signals, the unknown measures can be determined. 
2. Method 
2.1. Idea 
The main idea of this approach is to evaluate the 
amplitude in addition to the TOF. The amplitude of a 
reflected ultrasound wave depends on the position of the 
reflector in the sound field. The amplitude of the reflected 
signal becomes maximal, if the focus is located on the 
interface (Fig. 1 a, b). The focus position depends from 
the sound velocity in the specimen. By that reason, the 
displacement of the probe between the position where the 
surface echo and the position where the backwall echo is 
maximal, gives an information about thickness and sound 
velocity in the specimen. 
2.2. Measurement Setup 
Different two layer configurations consisting of a water layer and metal plates of steel and aluminum with 
different thicknesses were investigated (Fig. 2b). To vary the focus position without moving the probe, an annular 
array (Fig. 2a)  with six elements was used. The element radii of the probe are shown in Tab. 1. The probe elements 
were excited with electrical pulses of 50 V with a duration of 6 ns. 
  
Tab. 1: inner- (ri) and outer radius (ra) of the probe elements 
Element- 
number 
1 2 3 4 5 6 
ri [mm] 0,00 2,55 3,64 4,48 5,21 5,86 
ra [mm] 2,45 3,54 4,38 5,11 5,76 6,35 
 
2.3. Focusing 
Synthetic focusing was performed. That means each element m emits separately an ultrasound impulse, while 
every element n receives the reflected wave. This results for the used probe in 36 different time signals. All these 
time signals are time shifted with ȟݐ௠ǡ௡ and, afterwards, superposed. 
Fig. 1: (a) focusing probe at three measurement positions; (b) time 
signals for the different probe positions 
Fig. 2: (a) measurement setup; (b) structure of the used annular array 
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In order to calculate the delay times, the sound propagation paths from each emitting element to the focal point 
and back to every receiving element are necessary (point focusing, Fig 3a). Thereby, it has been shown, that 
focusing on a plane, that means taking these sound propagation paths which satisfiy FERMAT's principle (Fig. 3b), 
leads to better results [5].  
For focusing in a second layer, the refraction of the sound has to be considered (Fig. 3c).  
 
2.4. Simultaneous Determination of Sound Velocity and Thickness 
Since layer thickness and sound velocity for the considered layer are not known, they have to be varied. In the 
first step, the sound velocity is arbitrary defined (control sound velocity). With this control sound velocity the 
focused signal for different focus depths is calculated (Fig. 4a). The amplitude of the focused signal is recorded as a 
function of the adjusted focal depth (focus curve, Fig. 4b). In the next step, focus curves for different control sound 
velocities are determined (Fig. 4b). Each focus curve has a characteristic maximum. If the control sound velocity is 
equal to the actual one, this maximum marks the real reflector distance. 
The determined reflector distance as a function of the conrtrol sound velocity leads to the black dotted curve in 
Fig. 4c. The TOF can also be drawn in this diagram (red curve). The intersection of these two functions marks the 
actual sound velocity and layer thickness. 
2.5. Determining Transverse Sound Velocity 
The ring elements of the probe produce a sound field with markedly side 
lobes. By that reason, transverse waves are excited (Fig. 5). With known 
thickness d and longitudinal wave velocity cL of the layer as well as the TOF 
between surface echo and the transversal part of the the backwall echo, the 
transversal wave velocity ்ܿ can be calculated: 
Fig. 5: Time signals for 6 mm steel disk
Fig. 4: simultaneous determination of sound velocity and thickness of a 20 mm water layer; (a) time signals for focusing in different depths with 
control sound velocity c = 1000 m/s; (b) amplitude of the focused signal vs. adjusted focus depth (focus curve) for different control sound 
velocities; (c) determination of sound velocity and distance from focus curves and TOF 
 
Fig. 3: Sound travel paths for focusing  (a) point focusing; (b) plane focusing; (c) plane focusing in a 
second layer under consideration of refraction
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3. Results 
The simultaneous determination of sound velocity and thickness of a two layered system (water and metal discs) 
was performed. For all measurements the water layer had a thickness of about 20 mm with c = 1480 m/s. Deter-
mined thickness and sound velocity (Tab. 2, line 2 and 3) derivate from these values of less than 1 %. The metal 
disks consist of steel and aluminum with thicknesses of about 4, 6, 8, 10 and 14 mm. For comparison, the thickness 
of all discs was determined with a caliper gauge (line 4). The sound velocity was determined conventionally with 
(known) thickness and TOF (line 5). The simultaneous determined sound velocities and thicknesses (line 6 and 7) 
deviate from these values of less than 3 %. The determined transversal wave sound velocity is shown in line 8. It 
deviates from the transversal wave velocity presented in literature (steel: 3230 m/s, aluminum: 3100 m/s) between 
1,2 and 11,7 % for the steel specimens and between 4,5 - 11,1 % for the aluminum specimens. 
Tab. 2: Results 
 Steel Aluminium 
disc number 1 2 3 4 5 1 2 3 4 5 
1st layer 
simultaneously 
c in m/s 1481 1480 1487 1489 1488 1500 1485 1488 1487 1487 
d in m/s 19,90 19,88 19,97 20,02 20,01 20,63 19,97 20,01 19,99 20,03 
2nd layer 
conventionally  
cL in m/s 5942 5940 5961 5913 5908 6378 6435 6418 6397 6417 
d in m/s 4,09 5,94 7,94 9,91 13,97 3,98 6,10 8,01 9,98 14,00 
2nd layer 
simultaneously 
cL in m/s 5876 5923 6021 6025 6006 6421 6294 6305 6311 6223 
d in m/s 4,04 5,92 8,02 10,10 14,20 3,98 5,97 7,87 9,85 13,57 
 cT in m/s 2852 3237 3148 3193 3173 2756 2865 2928 2960 2933 
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